This paper analyzes the social, ethnic and regional determinants of child malnutrition, as well as the effects of access to health services in the Andean region, by comparing conditions in Ecuador, Peru and Bolivia. These three countries are marked by a high prevalence of stunting and by wide socioeconomic, regional and ethnic disparities. The analysis used Demographic and Health Survey (DHS) data from Peru (1992, 1996 and 2000) and Bolivia (1997), and Living Standards Measurement Study (LSMS) data for Ecuador (1998). The paper adopts an international comparative perspective, analyzing Ecuador in particular detail.
Introduction
Within Latin America, the prevalence of stunting has been traditionally high in the Andean region, with an estimated rate of 21 percent in the late 1990s. The rate is elevated and remarkably similar in Ecuador, Bolivia and Peru (about 26 percent), while Colombia has a markedly lower rate (15 percent). Among the eight Latin American countries with Demographic and Health Surveys (DHS), only Guatemala (46 percent in 1998) and Haiti (32 percent in 1994) record rates higher than those in the three Andean countries mentioned.
According to the latest household surveys, the clear downward trend evident until the mid 1990s has almost flattened out and seems to be vanishing. Stunting rates fell from 38 percent to 27 percent in Bolivia (1989 Bolivia ( -1998 ; from 34 percent to 26 percent in Ecuador (1986 Ecuador ( -1998 ; from 26 percent to 15 percent in Colombia (1986 Colombia ( -1995 ; and from 32 percent to 26 percent in Peru (1992 26 percent in Peru ( -1996 . Recent trends, however, are towards small and no longer statistically significant improvements in Colombia and Peru. According to DHS data, stunting rates remained at 13.5 percent and 25.5 percent, respectively, in 2000.
The high prevalence of stunting is common to Peru, Bolivia and Ecuador, as are wide socioeconomic, regional and ethnic disparities. Nutritional conditions in the highlands, moreover, are critical. Stunting is less prevalent in Colombia and regional disparities are narrower. The socioeconomic gradient of stunting is strong in all countries: prevalence rates in the poorest deciles are at least four times higher than those of the upper decile. In addition to social factors, the highland regions (especially the indigenous populations) in Ecuador, Bolivia and Peru are marked by regional and ethnic divisions.
The contrast between Peru, Bolivia and Ecuador (high prevalence and sharp social and regional effects) and Colombia (lower prevalence and a relatively more egalitarian regional profile) may stem from several factors, including ethnic discrimination against indigenous groups; a particular diet in the highlands, one characterized by a low protein and micronutrient intake; and different long-term development paths.
Child malnutrition severely jeopardizes, reduces or impairs the prospects for productive social participation in adulthood. As such, it is a major hindrance to human development, defined as a process of enhancing human capabilities.
1 Furthermore, malnutrition perpetuates the intergenerational reproduction of poverty, creating a vicious circle that prevents social improvement and equity.
This paper analyzes the social, ethnic and regional determinants of child malnutrition, as well as the effects of access to health services, in three Andean countries with significant indigenous populations and wide regional and social inequalities: Ecuador, Peru and Bolivia. It uses DHS data for Peru (1992, 1996 and 2000) and Bolivia (1997) and LSMS data for Ecuador (1998) .
The analysis focuses on the effects of ethnicity and regional disparities, controlling for other underlying determinants of stunting:
• The contrast between the highland and the lowland regions in Ecuador, Peru and Bolivia. Highland stunting is consistently higher, and the difference is not solely explained by individual socioeconomic or ethnic factors.
•
The effect of ethnic and cultural factors on stunting. Indigenous peoples are the most affected by stunting in Ecuador, Bolivia and Peru.
The paper adopts an international comparative perspective that complements case-specific research in Peru, Bolivia and Colombia. It provides a detailed analysis of Ecuador.
Sources
The paper uses DHS data for Peru (1992, 1996 and 2000) , Colombia (1995 and and Bolivia (1997) . For Ecuador the 1998 LSMS survey is used. Data on Colombia are included only for comparative purposes.
DHS surveys have national coverage, large and stratified samples, and detailed questionnaires that include anthropometric data for both children under five and women of reproductive age. They also provide socioeconomic information on education, housing and employment, and ethnicity data for Peru and Bolivia.
LSMS surveys contain child anthropometric measures, and socioeconomic and ethnic variables. Their sample sizes (about 5,000 households with national coverage) are smaller than those of the DHS but their questionnaires include information on income and detailed data on consumption, including about 90 food items. Social information about communities is also available in the LSMS surveys, in a separate questionnaire.
Methodology
Child anthropometric measures are transformed to normative z-scores of height-for-age, weightfor-age and height-for-weight. Children are affected by chronic malnutrition or stunting if their z-score of height-for-age is lower than -2, or two standard deviations below the international normative median. Using the same criterion, global malnutrition is defined for low weight-forage scores, and acute malnutrition corresponds to low height-for-weight.
2
Child z-scores of height-for-age will be used as the dependent variable to evaluate chronic malnutrition or stunting. Independent variables include individual/household socioeconomic and ethnic factors, access to health services, contextual variables, and interactions. The analysis focuses on height-for-age, which is more representative of insufficient growth stemming from persistent dietary deficiencies and/or susceptibility to illness, while weight-for-age and weight-for-height often reflect short-term conditions.
The paper focuses on the effects of the factors underlying stunting, such as household socioeconomic status, housing conditions, maternal and paternal education, mother's fertility, access to health services, ethnicity, and contextual regional factors.
The methodology combines different multivariate procedures to identify the relative importance of education, housing, ethnicity and contextual regional factors as determinants of stunting in each national case.
The first step is to build a set of multivariate indices of education, housing, employment, access to health services and socioeconomic status, as well as a fertility indicator, to gauge the effects of the corresponding determinants on stunting. The need for multivariate indices, rather than simple and specific indicators of limited theoretical relevance, is grounded in epistemological and methodological reasons, the search for more parsimonious models and the a proper association between theoretical hypotheses and empirical results, thereby surmounting the limits of empiricism (Padua, 1981; Kuhn, 1970 The indices allow an appraisal of the relative contribution of the most important determinants of stunting, using multiple regression methods. OLS regression models may be affected by the endogeneity of some determinants, since variables such as access to health services represent choices made by the family, and by the nutritional status of children. To address this problem in the models with independent variables that may have a degree of endogeneity, the authors used two-stage regressions with instrumental variables and simultaneous equation models using three-stage regressions with instrumental variables.
Multivariate Indices
Peru and Colombia have different surveys, thus allowing for a diachronic analysis of changes in child nutrition and its determinants. In both cases, integrated databases were drawn up, combining the surveys of 1992, 1996 and 2000 in Peru, and those of 1995 and 2000 in Colombia.
For the DHS surveys, the authors developed an integrated socioeconomic status (SES) index covering three dimensions: education, housing and employment. Each dimensional index, in turn, derives from a particular set of indicators, as shown in Table 1 .
The indices of basic housing, household assets, employment, access to health services and socioeconomic status were applied in the regression models. Their structure and features in the integrated Peru case are presented below, according to the variable names of Tables 1 and 2 .
Although the coefficients of the indices and their explanatory capacity vary in each case, their basic structure is consistent. Cronbach's Alpha = 0.641.
Basic
In the integrated Peru database, the question about the telephone was excluded because it was not available for 1992. 219 BIKE % of total variance explained = 42.8 percent.
Housing Index

HOUSIN
Cronbach's Alpha = 0.866. = 0.788 WSCHOOL + 0.86 HSCHOOL + 0.567 WOCGR + 0. 871 HOCGR % of total variance explained = 61.1 percent.
Employment Index
EMPIN
Cronbach's Alpha = 0.787.
The employment index includes education as a proxy of worker skills. In the integrated Peru database, the questions about women's occupational category and women's time spent working were excluded because they were not available in all surveys. Cronbach's Alpha = 0.772.
In the integrated Peru database, the question about women's visit to a health facility in the last year was not included because it was not available in all surveys.
Health Knowledge Index
The index summarizes information on the mother's menstrual cycle, contraceptive use, breastfeeding and fertility. 
Socioeconomic Status Index
Child Malnutrition, Socioeconomic, Ethnic and Regional Disparities in the Andean Region
To begin the analysis of the indices and of nutritional conditions in the Andean countries, relevant variables are broken down by region, area of residence, ethnicity (except in Colombia)
and time (except in Bolivia and Ecuador), as shown in Tables 9 to 18 Bolivia. The country shares with Peru and Ecuador strong regional, rural-urban and ethnic inequalities, as well as a high prevalence of stunting (Table 12 ).
Ecuador. In this case information is available about per capita consumption and dietary patterns. All indicators reveal a fragmented regional, ethnic and social structure. Stunting stands at 58 percent among indigenous children and is particularly high in the rural highlands.
Colombia. Colombia is a peculiar case among the Andean countries (see Tables 15 and   16 ). The prevalence of stunting is lower (at 14 percent) than in Peru, Ecuador and Bolivia (about 26 percent). Regional disparities are narrower in Colombia, but urban-rural social and nutritional inequalities remain wide. Social improvement between 1995 and 2000 seems to have been more significant than in Peru.
Regional Disparities and the Socioeconomic Gradient of Stunting
The non-parametric regression of stunting (LOWESS) on SES percentiles reveals a defined socioeconomic gradient, with marked similarity for Peru, Bolivia and Ecuador, and lower levels in Colombia (Figure 1 ).
Similar curves-obtained by differentiating the highland and lowland regions of Peru, Bolivia and Ecuador-show a well-defined regional difference shared by all countries. Highland regions have higher stunting levels than lowlands, even after controlling for SES ( Figure 2 ). The shared differences suggest that specific regional factors negatively affect nutrition in the highlands. Since most indigenous peoples live in the highlands, ethnicity may be an important component of the difference.
Multiple Regression Models
The authors devised a set of multiple regression models for Ecuador, Peru and Bolivia that include the social, regional and ethnic factors underlying stunting. The height-for-age z-score was used as a dependent variable because it is conventionally regarded as the best available indicator of long-term nutritional deficiencies among children under five.
The main goal of the comparative models is to analyze the effects of both indigenous ethnicity and regional factors in the specific case of highlands (the altiplano region in the case of Bolivia). Both regional and ethnic factors may reflect the effects of specific cultural and dietary practices, ethnic discrimination factors, and diverse sociopolitical and environmental factors affecting highland regions.
The set of models gradually integrate independent variables, progressing from a simple specification to more complex ones. Independent variables were classified into different groups.
There is strong international evidence that "almost all of the growth retardation … documented in developing countries has its origin in the first two or three years of life. Once present, growth retardation usually remains for life, as growth deficits are generally nor recuperated" (Semba and Bloem, 2001: 72 ).
All models include child age (in cubic form) and sex (as a dummy for female children) as control variables. They are underlying factors associated with stunting under adverse conditions.
As a result of deficiencies in neurobiological development caused by persistent infections, poor food intake or other factors, child growth retardation increases mostly during the first 30 months after birth, and tends to stabilize thereafter ( Figure 3 ). The curve can be represented by a cubic polynomial function. The process is more likely to affect male children.
A dummy variable for indigenous households is the next variable included, followed by contextual regional dummies, particularly one for the highlands. The effects of ethnicity and location in a highlands region are then controlled for different socioeconomic factors, beginning with mother's education and basic housing conditions, which are conventionally regarded as exogenous variables.
Maternal education-captured by her years of schooling-is introduced in linear form.
To test for non-constant returns, additional models were devised with a quadratic parabolic function. They are presented only in the case of Ecuador, however, where statistically significant evidence of increasing returns was found.
In the cases of Peru and Bolivia, where maternal anthropometric variables are available, maternal stature is also introduced as an exogenous variable in an effort to capture the mother's nutritional conditions during her early years.
In the next step the authors included variables that may have some degree of endogeneity since they are partially conditioned by decisions made at home. The variables are aggregate per capita consumption in logarithmic form (available only for Ecuador) or the index of household assets (as proxies for living standards) and the access to health service index. In Bolivia and Peru the mother's body mass index (BMI) is also included, so as to capture the mother's current nutritional conditions.
Despite its obvious effect on nutrition, fertility was not included in the models because of the assumption that the number of children is endogenously determined by adults at home.
The introduction of variables with a degree of endogenity may create biases in regression coefficients and affect the consistency of OLS models. Although there are no easy solutions to address this problem, the authors applied two kinds of regression models with instrumental variables dealing with endogenous per capita consumption, access to health services and the mother's BMI (in Peru and Bolivia only).
First, a two-stage regression model was developed. As instruments for endogenous variables, this included several indicators of household human capital and contextual variables specific to each survey, and the Hausman test of endogeneity was applied. Second, a three-stage simultaneous equation model was developed; this regarded all endogenous variables as independently co-determined by instrumental variables. All OLS and two-stage regression models were designed in such a way as to take into account the effect of complex sample design, with clusters, differential weights and stratification. 4 The regression results are presented in Tables 3 to 8 . Source: (Larrea, Freire and Lutter, 2001 ).
Ecuador
The following conclusions can be drawn from the regression models on Ecuador (Tables 3 and  4) :
A detrimental effect of indigenous ethnicity is observed in all the models, including the structural equation system. In all the cases the effect is significant at the 1‰ level. Even after controlling for all the remaining covariates, its value remains high at roughly equivalent to six years of secondary maternal education.
The models suggest that more than half of the total nutritional disadvantages of indigenous children can be attributed to discrimination, and the remaining part is due to differential endowments (education, housing, living standards). Obviously, international evidence supports the absence of genetic factors: "There is prevailing international consensus that children of all races have the same growth potential" (Semba and Bloem, 2001: 76) .
(ii)
In addition to the ethnic factor, a regional dummy variable for the highlands has a similar pattern, remaining negative and significant in all the models, albeit with a smaller effect. The regional factor can be hypothetically attributed to cultural and dietary patterns, the lesser availability of high protein foods for most poor households in the region and, as the Bolivian research paper suggests, even the effect of altitude.
(iii)
Maternal education, included in parabolic form, also has a strong and significant effect but presents increasing returns (Figure 4) . In other words, at low levels of education the effects on stunting are small or negligible and they increase only at secondary or higher levels. This result is the reverse of that in most Latin
American and Andean countries-including Peru, Bolivia and Colombia-where educational returns are decreasing or constant (Larrea, 2002) . If decreasing returns prevail, the best investments are in basic maternal education. In Ecuador, as the model suggests, only interventions at higher levels seem effective.
(iv) This paradoxical finding can be attributed to the poor quality of basic education.
According to recent Harvard University research, the quality of basic education in
Ecuador is the worst among 19 Latin American countries (Fretes-Cibils, Guigale and López-Calix, 2003). Another and complementary hypothesis points to the poor quality of education among the poor, most of whom attend public schools, while higher social strata will benefit from adequate returns in private institutions.
(v) The housing index did not attain a significant value and was eliminated from the regression. The fact that it did not fit may be because lowland regions in Ecuador (the coast and the Amazon), which were mostly populated from the second half of the twentieth century onwards, combine poor housing conditions with relatively low stunting rates, while stunting is highest in the traditional highlands but housing conditions are better ( Table 9 ). The best association of housing conditions with stunting was observed with overcrowding, captured by the number of persons per room. The indicator was included in the model, with a significant effect.
(vi) Differences in regression coefficients between OLS Model 8 and models with instrumental variables to address endogeneity of per capita consumption and access to health services are rather small. Moreover, in both cases (Model 9 and (vii) The conclusion must be qualified, however, since the test depends on the selection of instrumental variables. It is possible that, if a different set of instruments were used, there would be a higher degree of endogeneity.
(viii) Leaving aside the discussion about OLS consistency, in the three-stage regression model the effects of access to health services and per capita income are smaller than in OLS models and, in the latter case, no longer significant. 
Years of Schooling Predicted z score
Source for the analysis: Table 4 . In summary, Ecuador is still affected by a high prevalence of stunting, combined with regional, social and ethnic inequalities. Both regional and ethnic differences remain significant, affecting the highlands and indigenous communities. In addition to a strong socioeconomic gradient, other determinants affect stunting. Maternal education, albeit positively associated with nutrition, does not seem to produce effective returns at basic levels of schooling. Access to health services has a significant effect, mostly attributed to vaccines and child delivery care.
The findings suggest several social investment strategies. Of these, an improvement in the quality of basic education for females seems a priority. Specific programs combining nutritional education and access to nutritional and health services are of crucial concern and must be targeted mostly at indigenous communities in the rural highlands. Also needed are food supplementation programs for children under three and pregnant women.
Finally, since stunting is associated with poverty and social inequality, nutritional policies must be incorporated into a broader and integrated policy of social equity and poverty reduction, including employment, the promotion of human and social capital, and broader access to land, credit and technical assistance.
Peru
Despite its higher per capita income, 5 Peru shares with Ecuador and Bolivia a high prevalence of stunting with strong ethnic, regional and social inequalities. As mentioned earlier, moreover, social improvement in the 1990s was slow and mostly apparent in access to health services (Tables 9 to 11 ). Regression models for Peru and Bolivia are presented in Tables 5 to 8. Broadly speaking, the results are similar to those for Ecuador and confirm both a strong and significant negative indigenous ethnic effect that is partially related to discrimination, as well as significant regional differences affecting both the highlands and the Amazon basin; these are substantial even after controlling for all additional covariates. Hausman test: Chi2(11) = 146.64 P(Ho) = 0
Note: In Model 10 Household Assets, Health Service Access and BMI are endogenous, instrumented by education index, type of toilet facility quantification, availability of electricity, type of floor material quantification, time to get water, sister BMI, cluster BMI, health knowledge index, child morbidity and proportion of deceased children.
Source for the analysis: Peru DHS Surveys (1992, 1996 and 2000) , children database. Source for the analysis: Peru DHS Surveys (1992, 1996 and 2000) , children database.
The indigenous population's share of the total population is higher in Peru and Bolivia than in Ecuador. Regional disparities are also higher in Peru, the result of a concentrated historical pattern of urbanization and industrialization on the coast, and particularly in Lima.
Conversely, in Ecuador and Bolivia the capital is located in the highlands and urbanization followed a more decentralized pattern.
Indigenous ethnicity retains a negative coefficient that is significant in almost all the models. Its magnitude, however, is smaller than in Ecuador. The coefficient declines by 80 percent after controlling for socioeconomic factors, and is no longer significant when regional variables for highlands and the Amazon basin (where most of the indigenous people live) are included. Thus most of ethnic differences in stunting in Peru are due to differential endowments, and the discrimination factor is less significant.
Regional inequalities are higher than in Ecuador and are significant in all the models. The highlands region is the most affected, as in Ecuador.
Among social determinants of stunting, maternal education has a positive and significant effect in all models. Educational returns are diminishing, as in most countries (the results are not presented in the models). Basic housing has a positive and significant effect in all OLS models, but it is no longer significant in models with instrumental variables to control endogeneity.
Mother's height has its expected and robust positive effect.
Three variables were regarded as endogenous and addressed with instrumental variables in Model 10 and Table 6 . They are the household asset index as a proxy for SES, access to health services and the mother's BMI. According to the Hausman test, OLS estimates are not constant when endogenous variables are included. All endogenous variables remain positive and significant in the three-stage regression model, which is deemed more efficient that the two-stage model. Although there is a small degree of correlation between predicted z-scores and residuals in the second equation, the results seem to be as adequate as possible.
Bolivia
Bolivia, the poorest Andean country, has some of the most critical social conditions in South America. Although its prevalence of stunting is similar to those in Ecuador and Peru, the social determinants in Bolivia differ somewhat from those in the latter countries. The effects of both regional and ethnic factors seems to be stronger than in the Peru case, since both the indigenous and highland dummies remain negative and significant in all the models (except for ethnicity in the two-stage model), including the simultaneous-equation system.
The importance of household assets and basic housing indices is greater and the access to health service index has a slightly lower coefficient. The effects of education are less than in other countries and, in the two-stage model, no longer significant. These changes are consistent with those observed in low-income countries in Central America, such as Nicaragua and Guatemala (Larrea, 2000) .
The effect of the mother's height-as an indicator of the mother's malnutrition in her infancy-is very strong and does not decline when other covariates are included. This reflects not only a trend towards the intergenerational transition of stunting, a result of the unequal social distribution of opportunities, but also a genetic effect. Those features seem are also evident in Peru.
Conclusions
The main aim of this paper is to analyze the effects of detrimental regional and ethnic factors on stunting in three South American countries that have large indigenous populations, mostly concentrated in high-altitude regions in the Andean mountains.
In all cases the authors find strong negative effects of indigenous ethnicity, as well as contextual regional negative factors for highland areas. With few exceptions, the results remain significant even after controlling for all relevant socioeconomic determinants, such as education, housing and economic status.
Differences in the nutritional conditions of indigenous children can be grouped into two broad categories: those attributed to the lesser endowments of indigenous households, such as education, skills or physical assets; and a remaining component that can be attributed to different forms of ethnic discrimination as a result of cultural and linguistic barriers and negative attitudes, difficulties in the provision of education and health care, and so on. Discrimination seems to account for a significant share of ethnic inequalities in all countries.
Regional detrimental factors are diverse and can be hypothetically related to specific cultural and dietary patterns in the South American highlands, marked by a low protein intake and a high proportion of carbohydrates from potatoes, cassava and other tubers and cereals. They can also be related to adverse environmental and productive conditions, such as lack of irrigation, poor and eroding soils, and an extremely unequal structure of land distribution inherited from the colonial period. An altitude effect may also play a significant role, particularly in the Southern Andes. Further research is needed to explore, understand and design specific policies to avoid these ethnic and regional inequalities.
Despite the rhetoric, ethic discrimination is still pervasive in the Andean region.
Nutritional and health-promotion policies must target rural highland regions and indigenous communities, which continue to be the poorest among the poor. To be effective, nutritional programs must be integrated with female education and nutritional training, as well as broader redistributive policies to increase the human and physical capital of rural indigenous households. Source for the analysis: Peru DHS Surveys, children database. Source for the analysis: Peru DHS Surveys, children database. Source for the analysis: Bolivia DHS Surveys, children database. 
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